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I I I -V Products 
f rom Hungary  
From its foundation in 1958, the Research Institute for Technical Physics (RITP) of the Hungarian 
Academy of Sciences has considered one of its most important tasks to be the study of 
semiconductor materials and devices. In 1972, based on the results in the technology of 
GaAs epitaxy, it started to develop microwave active devices. RITP is the supplier of the 
professional telecommunication factories for more than ten years. In this article we will review 
some of the III-V devices manufactured in the RITP instifute and present some developments. 
History 
Since the foundation of the Hungar- 
ian Kingdom in about 1000 AD, the 
country has suffered many invasions 
and occupations: the Mongols in the 
13th century, the Turks from 1526 
until the end of the 17th century and 
then the Hapsburgs. The Austro- 
Hungarian Monarchy, established in 
the 19th century, lasted until 1918. 
There followed the Hungarian Soviet 
(1919) of a few months and then the 
Regency of Admiral Horthy (1920) 
and the Nazi occupation (1944-5) of 
World War II. The Hungarian Peo- 
ple's Republic was established in 
1949. In 1989 it dropped the word 
'People' and became the Republic of 
Hungary. The final occupation of 
Hungary ended formally on 30 June 
1991 when the last Russian troops left 
the country. 
The towns of Buda and Pest, on 
opposite banks of the River Danube, 
were united in 1872 to form the 
capital, Budapest. The population of 
Budapest is about 2.2 million. The 
capital was very badly damaged 
during the Second World War and 
then again in the 1956 Revolution, 
but much money has been spent on 
the restoration of historic buildings, 
particularly the Royal Palace and the 
Buda Castle district. Unlike many of 
their neighbours the Hungarians are 
not Slavs. The Magyars, who have 
since mixed with peoples of various 
stock, originally came from east of the 
Urals and their language isone of the 
Finno-Ugrian group. As a result of 
the first World War Hungary lost 
two-thirds of her territory. Now the 
area of Hungary is approximately 
36,000 sq miles and its population is 
approx. 10.5 million. 
View of Budapest and the Danube river from the Buda castle. 
The Research Institute 
for Technical Physics, 
Budapest 
The Institute was founded in 1958. At 
present it has a scientific staff of 65, 
with a technical and administrative 
support staff of about 100. 
Basic research in the field of 
semiconductor physics (mostly III-V 
compounds) and its application in 
various devices, and materials cience 
constitute a substantial part of the 
activity of the Institute. The expertise, 
facilities and activities of three divi- 
sions of the Institute (Division of 
Microwave Devices, Division of 
Semiconductor Research and Divi- 
sion of Structure Research) are rele- 
vant to this field. 
The Division of Microwave Devices 
comprises 14 full-time and 6 part-time 
academic staff members (research 
scientists and engineers), 10 technical 
and 1 administrative support person- 
nel. 
The Division carries out research 
and development in the field of 
compound semiconductor physics 
and materials, high frequency and 
microwave devices. It covers GaAs 
epitaxy, device physics and technol- 
ogy, study of metal-semiconductor 
structures, research on transport 
properties of compound semiconduc- 
tors, and also the physics of low- 
dimensional structures. The main 
technological and research facilities 
of the Division include a GaAs 
technological pilot line (vapour 
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phase epitaxy, silicon dioxide chemi- 
cal vapour deposition, optical litho- 
graphy, chemical wet etching, vacuum 
metallization, chip mounting, etc.) 
and set-ups for galvanomagnetic 
measurements, ellipsometry, magic 
mirror (Makyoh) imaging, electroly- 
tic carrier concentration profiler and 
scanning electron microscope with 
electron beam lithography facility. 
The Division has also access to low 
temperature photoluminescence sp c- 
troscopy, electron microscopy, X-ray 
diffraction and electron-microprobe. 
The activity of the Division of 
Semiconductor Research include li- 
quid phase epitaxial growth of InP 
based laser structures and laser appli- 
cations. 
Commerc ia l  
GaAs  
The first microwave ac- 
tive device to be devel- 
oped by RITP was the 
Gunn diode, it was fol- 
lowed by the low-noise 
GaAs Schottky diode 
and later the family of 
Schottky tuning varac- 
tors were developed, uti- 
l i z ing the fu r ther  
progress reached in the 
technology of the epi- 
taxy. The pilot line pro- 
duction of the diodes is Dr nenini 
also in the Institute, in 
this manner it has been a 
supplier to professional telecommuni- 
cation factories for more than ten 
years. 
Due to their advantageous propa- 
gation properties microwaves can be 
used not only in dedicated telecom- 
munication and radar systems, but in 
many other fields, e.g. space guarding; 
vehicle identification; distance, moist- 
ure and temperature measurement; 
heat treatment in both industry and 
medicine, etc. Faithful to the tradi- 
tions of the Institute, the applications 
of devices were also investigated in
these areas. At first general purpose 
waveguide transmitter and receiver 
modules were developed for the X- 
band. Further on, they were furnished 
with coding circuits for vehicle identi- 
fication purposes. A dedicated VCO 
and a front-end were also developed 
for a microwave distance measuring 
apparatus, which can also be applied 
for other tasks. All of these modular 
products are based on our own GaAs 
active devices; they are produced and 
supplied in co-operation with differ- 
ent industrial firms. The simultaneous 
development of the active devices and 
modules resulted in mutual benefits in 
both branches of activities. 
In the following, products are 
reviewed and present development 
work is outlined. 
Act ive  dev ices  
(i) Gunn-diodes 
The different types of these GaAs 
bulk effect devices can be used in 
fixed frequency and electrically or 
mechanically tuned oscillators typical 
with his hosts during his visit at the Division of Microwave Devices. 
in the X band, some special types are 
applicable for lower (7 GHz), or 
higher (up to 18 GHz) frequencies. 
The output power of the different 
types varies between 5-200 mW in 
continuous regime, or up to 300 mW 
under pulsed conditions. The mini- 
mum efficiency is 1% for the low 
power diodes and about 3% of the 
high power devices. The optimum 
bias varies between 5-15 V for the 
different ypes used in a continuous 
regime. In the case of pulsed opera- 
tion the best performance can be 
reached by using about 1.6 times 
higher biasing pulses than the opti- 
mum value of the DC bias of the same 
diode. The pulse widths can be 
decreased own to several microse- 
conds. The operating temperature 
range extends from -40°C to 
+ 70°C.The diodes are encapsulated 
into metal-ceramic cases type AV- 
120, having a fixture (#3-48 UNC- 
2A, or M 2.5) for improving the heat 
contact with the environment. The 
diodes having output greater than 
20 mW are mounted in a face-down 
position into the package. 
(ii) Schottky diodes 
The small area Schottky diodes are 
fabricated on thin (< 1 gm) n-type 
GaAs epitaxial layers, grown onto 
high conductivity n +-GaAs substrate. 
The epitaxial layer is covered by CVD 
SiO2 film in which windows are 
opened by photolithography for the 
active junction areas. Each diode chip 
contains 9 different windows with 
diameters ranging from 5 gm to 25 
lam. For applications at different 
frequencies different 
diode areas and layer 
doping are proposed 
[1]. The typical para- 
meters of the standard 
catalogue types are: 
b reakdown voltage 
measured at 100 laA 
reverse current: mini- 
mum 3 V ( typ ica l  
20 V); series resistance: 
5 ohms; junction capa- 
citance 0.08 pF; total 
(encapsulated) capaci- 
tance 0.25 pF. The max- 
imum value of forward 
current is 5 mA DC, or 
60 mA pulse (pulse 
length max. 1 ms). The 
mixer diodes are cate- 
gorized by their noise 
figures measured in a mixer unit. 
(RF: 7500 MHz, IF: 70 MHz, IF 
amplifier noise figure: 1.5 dB). The 
maximum noise figure values of the 
standard types are: 5, 5.5 and 6.5 dB. 
Similarly the detector diode types are 
selected according to the tangential 
sensitivity [1], the limiting values of 
the different ypes are; 60, 55 and 
50 dBm. (The values are measured in
a tuned cavity at 10 GHz by a video 
amplifier having the 3 dB suppres- 
sion at 20 Hz and 20 kHz). 
Two kinds of encapsulation are 
available, the S-4 type metal-ceramic 
housing and the LID ceramic pack- 
age. The first one is applicable in 
coaxial and waveguide circuits, it 
allows an operating temperature 
range between -55°C and +70°C. 
The LID package is ideal for micro- 
strip and stripline circuits, in this case 
the operating temperatures range 
from -40°C to + 70°C. 
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( i i i )Schot tky  Tun ing  
Varactors  
These types of varactors are used in 
general for voltage controlled tuning 
of oscillators, amplifiers, filters and 
phase-shifters and for modulation 
purposes. The capacitance-voltage 
(C-V) characteristics of varactors 
may be given as: 
- C=Co l+- f f  (1) 
where Co is the capacitance at zero 
bias, 0 is a coefficient and T is the 
power of the exponent. 
Expression (1) may be rewritten in a 
form more convenient for application: 
(2) 
Here Vmax is the maximum control 
voltage and Crnin is the corresponding 
minimum capacitance. Over Vrnax the 
capacitance ither does not change 
any more or does not satisfy Expres- 
sion (2) with the given 0 value. If the 
value of 0 is about 0.5, the varactor is 
called abrupt, if 0 is higher, it is called 
hyperabrupt. 
Three subfamilies - an abrupt, a 
hyperabrupt with constant 0 of 1.0- 
1.2 and a hyperabrupt with variable 0 
- are offered. 
The tuning varactors are mounted 
either in LID or hermetic coaxial 
metal-ceramic packages. Varactor 
chips are also available. 
Microwave f ront  end  
The type MK-2 microwave front end 
was developed for microwave dis- 
tance measurement purposes. Be- 
cause of its large bandwidth and 
high output power it can also be 
applied for data transmission. 
The X-band microwave front-end 
contains a varactor tuned Gunn 
oscillator mounted on the rear side 
of a parabolic dish producing a beam 
angle of max 6 ° . The receiver and the 
single ended mixer are placed in the 
focus of the dish. The intermediate 
frequency signal is amplified by a 
hybrid preamplifier. The oscillator 
and the mixer is controlled by a 
monitor. All microwave active semi- 
conductor devices are in-house made 
GaAs ones. The complete front-end is 
a factory repairable sub-assembly. 
R&D 
The present R&D activities in the 
Microwave Department of the Insti- 
tute are focused on new GaAs active 
devices. Considering the demands of 
the high-speed sampling circuits the 
development of monolithic Schottky 
diode Quad circuit is in progress. In 
this case the diodes have a planar 
construction, they are fabricated on 
the top of the n-type GaAs epi layer 
grown onto semi-insulating substrate. 
Both the Schottky and ohmic metalli- 
zation takes place on the top of the 
wafer. The monolithic construction 
gives hope of the considerable uni- 
formity of the diodes, which is 
necessary in the Quad bridge. 
The other essential circuit used in 
the sampling circuits is the high speed 
switching pulse generator. For these 
purposes the GaAs optical switches 
were studied. An apparatus for 
laboratory investigations was con- 
structed [2] and a new, simple device 
principle was proposed [3]. The 
technology of the proposed evice is 
compatible with the technology of 
MESFETs  and therefore further 
integration will be possible. 
The detailed study of the relation 
between the microwave parameters 
and the inner structure of diodes is a 
permanent problem in this labora- 
tory. The improvement of the accura- 
cies of microwave measurements and 
evaluations make possible the calcu- 
lations of the true doping densities 
and mobilities in varactor diodes 
from the measured S parameters [4]. 
Bearing the detectors, the properties 
on planar doped barrier diodes 
(PDBDs) are examined [5-7]. The 
investigated evices have a n+-n -
++ + 
p -n-n layer structure, where the 
p + + layer is thinner than the Debye 
length. The structure is similar to two 
p-n junctions in back-to-back config- 
uration, but the total amount of the 
acceptors built into the p ÷ ÷ layer are 
small for forming the p-n barriers 
having a height about Eg, the formed 
barrier height can be influenced by 
the total amount of dopants in the 
p÷ + layer and by the thicknesses of 
the n layers. The most attractive 
feature of these devices is the techno- 
logically controllable barrier height. 
Therefore the limitations associated 
with the fixed surface barrier in GaAs 
Schottky diodes can be overcome. 
The multilayer semiconductor struc- 
tures can only be built by the up-to- 
date epitaxial technologies uch as 
MBE or equivalent. The work is 
going on in cooperation with the 
Technical University of Tampere 
(Finland), where the GaAs MBE 
layer structures are grown. Utilizing 
the low barrier of the PDBDs a simple 
zero bias detector was constructed for 
the 2.45 GHz frequency. The radia- 
tion detector works without battery, 
the minimum detectable intensity is 10 
pmW cm -2 fulfilling the requirements 
of the rigorous Hungarian health 
protection standard. 
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